Introduction
Hepatitis C virus (HCV) infection is a worldwide epidemic that can be classified into six main genotypes based on sequence homology. The latest World Health Organization figures estimate that more than 170 million people (3% of the world's population) are infected with HCV.
1 Of those acutely infected, 20%-50% of patients do not clear the virus and go on to develop persistent infection. Persistence of the virus in the long term is associated with the development of liver fibrosis, and eventually cirrhosis, with its inherent risk of life-threatening complications, including variceal bleeding and hepatocellular carcinoma.
are known primarily for their ability to render cells resistant to viral infections and are produced by almost every cell in the body, whilst Type II IFN-γ is produced only by T lymphocytes and natural killer (NK) cells. Type III IFNs include IFN-λ. This particular class of IFN is emerging as an exciting area of research because genome-wide association studies have identified this cytokine as having a key role in viral control, both in the setting of spontaneous resolution of HCV and also in the context of therapy. 4, 5 The recognition that IFNs play a key role in immunomodulation and antiviral replication was the catalyst for the development and manufacture of exogenous IFNs for use in human disease. 6 In 1991 the US Food and Drug Administration (FDA) first approved IFNs for the treatment of HCV. In 1998, approval was granted for the use of the guanosine analog, ribavirin, in combination therapy with IFNs. In 2001 further progress was made with the approval of pegylated IFN (PEG-IFN) for use in combination with ribavirin, and this therapy remains to date the gold standard treatment of HCV.
The aim of therapy in the treatment of HCV is long-term viral eradication. Patients who are virus-free six months after the end of treatment are defined as having a sustained viral response to therapy (SVR), and in more than 95% of cases these patients remain virus-free indefinitely and are effectively cured of their infection. 7 Treatment with PEG-IFN and ribavirin has an SVR rate of 50%-80%, depending on the viral genotype. 8 However, treatment with IFN therapy is expensive, protracted, and has an extensive side effect profile. Failure to induce an SVR with IFN-based therapies is thought to be due to the ability of HCV to "subvert" the effects of IFN. The extensive side effect profile of IFN, along with frequent treatment failure, has led to the continuing search for novel therapies and vaccines to eradicate and prevent HCV infection, aiming perhaps ultimately for an IFN-free treatment regime.
This article explores the pharmacodynamics of IFN, how IFN exerts its antiviral effects, and how HCV may subvert these responses. We describe current IFN-based therapies, followed by the host and viral genetic factors that influence the effectiveness and activity of IFN in the HCV-infected host (Table 1) . Finally, we describe the new emerging IFNs and how these may impact on disease in the future.
How IFN inhibits viral replication
Type I IFN is produced in response to viral pathogens that express pathogen-associated molecular patterns (PAMPs) which bind and signal via pathogen-recognition receptors (PRRs). Since HCV is an RNA virus, the PAMP most relevant to HCV infection is double-stranded RNA (dsRNA), that binds to the membrane-bound ligand, toll-like receptor-3 (TLR3). 9 More recently, it has been shown that dsRNA may also activate interferon regulatory factor 3 (IRF3) in the cell cytosol via retinoic acid-inducible gene 1 (RIG1) and melanoma differentiation-associated gene 5 (MDA5). 10 Downstream, dsRNA ligation activates IRF3 and NF-κ-β transcription factors that play a critical role in the induction of IFN.
Type I IFNs are produced not only by virally infected cells, but also by stimulated NK cells, T lymphocytes, and plasmacytoid dendritic cells, the latter being a particularly potent source of IFN-α. Proof of principle that HCV does indeed trigger these pathways has been shown by infecting chimpanzees (the only animal model available) with HCV, and demonstrating that the expression of Type I IFNs and IFN-induced genes are induced within the liver early in infection. 11 Type I IFNs mount an immediate antiviral response through the inhibition of viral replication directly and also indirectly through the modulation of immune cells involved in innate and adaptive antiviral immunity. The direct inhibition of antiviral replication by IFNs occurs via at least three pathways, ie, protein kinase R (PKR), the 2'-5'oligoadenylate synthetase (2'-5'OAS)/ RNAse system, and Mx proteins. When Type I IFNs are generated, they bind to specific IFN-AR receptors, activating the JAK/ STAT signaling pathway. STAT is phosphorylated by JAK1 and Tyk2, and recruits IRF9 to form the ISGF3 complex that binds to the internal ribosomal entry site (IRES) in the promoter region of interferon-stimulated genes (ISG) leading to the expression of PKR, 2'-5'OAS, ISG-p56, 1RF-7, and other ISG. 12 PKR is activated by dimerization and binding to dsRNA.
Activated PKR induces the phosphorylation and activation of eukaryotic initiation factor (eIF)-2α, which inhibits protein translation and therefore inhibits virion production in infected cells. 13 The 2´-5´OAS pathway is an RNA decay pathway activating RNAses and thus degrades virus. 14 Mx proteins are IFN-induced guanosine triphosphatases that interfere with the replication of negative-strand RNA viruses. 15 Chimpanzee studies have shown that in acute HCV infection, Type I IFN-induced PKR, 2´-5´ OAS, and Mx genes are all upregulated, which collectively serve to inhibit replication of viruses and induce apoptosis in infected hepatocytes. 16 IFNs exert antiviral effects not only through the mechanism outlined above, but also through diverse effects on immune cells. These include the upregulation of human leukocyte antigen (HLA) Class I expression, enhancing the terminal differentiation of dendritic cells, 17 T cell antiproliferative effects, stimulation of IFN-γ by CD4 T cells, 18 and the upregulation of the expression of HCV antigens on the surface of infected hepatocytes via the modulation of immunoproteosomes that are required for the presentation of antigens to the immune system.
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HCV subversion of interferon signaling
Phylogenetic analysis suggests that HCV has existed in human hosts for more than 1000 years. 20 During this time HCV has evolved multiple mechanisms to subvert the antiviral effects of IFN (Figures 1 and 2 Table 2 . HCV core protein inhibits the activation and translocation of STAT1 (a key protein in the IFN signaling pathway, see Figure 1 ), 21, 22 inhibits the function of interferon-stimulated gene factor 3 (ISGF3) via the generation of the suppressor of cytokine signaling 3 (SOCS3), 23 and blocks DNA binding by ISGF3. 24 HCV NS3/4A serine protease has been shown to inhibit IFN induction by preventing the phosphorylation of IRF3 25 and also by cleavage of the "Toll-IL-1 receptor domaincontaining adaptor inducing IFN-β" (TRIF) protein that links TLR3 to kinases responsible for the activation of IRF3.
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NS3/4A also interferes with IFN induction by disruption of RIG1 signaling. 27 An in vivo study has shown that IRF3 activation in the livers of patients infected with HCV is limited. 28 The HCV NS5A is a protein, the function of which is unknown. It has been reported to induce the cytokine IL-8 leading to partial inhibition of the IFN antiviral response. 29, 30 NS5A also contains the interferon sensitivity-determining region (ISDR) that may bind and inhibit PKR, 31 whilst E2 inhibits PKR through sequence homology. 32 The inhibition of PKR by NS5A and E2 is discussed in detail below.
Current interferon-based therapies IFN and ribavirin for chronic HCv infection
Following the discovery of the HCV virus in 1989, IFN (nonpegylated) was administered as monotherapy by subcutaneous injection three times a week. This led to SVR rates of only 8% when given for six months, increasing to 27% when patients were treated for 1-2 years. 33 Following the introduction of ribavirin for administration in combination with IFN in 1998, SVR rates improved markedly to approximately 40% for HCV genotype 1 infection. 34, 35 Ribavirin is an antiviral nucleoside analog of guanosine. The mechanism of action of ribavirin is unclear because alone this drug has no effect on HCV viral load, although interestingly ribavirin monotherapy reduces liver inflammation, as measured by the liver enzyme alanine transaminase. 36 Possible mechanisms of action include effects on T cell-mediated immunity for which there is some evidence, 37, 38 inhibition of host cell inosine monophosphatase dehydrogenase, direct inhibition of HCV RNA-dependent RNA polymerase, and the induction of RNA mutagenesis. 39 The addition of polyethylene glycol (PEG) to IFN was a major advance in the treatment of patients with HCV. Large, randomized, controlled trials demonstrated a significant improvement in SVR rates to approximately 50% in genotype 1-infected patients when PEG-IFN was combined with ribavirin. 8 PEG increases the molecular weight of IFN, so delays absorption and degradation, and prolongs the half-life of IFN to over 10 times that of the conventional IFN. Rather than three times a week, PEG-IFN may be administered weekly. Animal studies have found PEG-IFN to have a 12-to 135-fold increase in effect against viruses and a 18-fold increase in effect against tumor cells. 40 Two types of PEG-IFN exist and are licensed, ie, PEG-IFN-α-2a (Roche) with a 40 kDa branched PEG chain, and PEG-IFN-α-2b (Schering-Plough) with a 12 kDa linear PEG chain. PEG-IFN-α-2a is administered at a fixed dose of 180 µg/week, whereas the dose of PEG-IFN-α-2b is adjusted according to patient weight. PEG-IFN-α-2a is excreted by both the kidneys and the liver, so dose adjustment of this IFN is not required in patients until glomerular filtration rates fall very low. 41 
Treatment for acute HCv infection
During the primary phase of infection patients are usually asymptomatic. However, a proportion of patients with acute infection will feel nonspecifically unwell, develop jaundice, or will be diagnosed following surveillance testing after 
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Interferon treatment in HCv infection exposure to HCV. If virus is still detectable 3-6 months after primary infection, chronic infection is likely to develop. During the first few months of infection the viral kinetics typically fall into one of the three patterns, ie, levels of viremia may remain constantly high through to chronic infection, steadily decline before becoming undetectable long term (spontaneous resolution), or fluctuate, sometimes dramatically, falling to undetectable levels and then increasing again to high viral loads before either resolving or remaining high. For this reason, treatment is typically deferred until 3-6 months after the diagnosis of primary infection when, if the virus is still detectable, chronicity is likely. Whilst large controlled studies in the treatment of chronic HCV guide management, studies in acute HCV are much more heterogeneous in terms of trial design, treatment duration, and the types of IFN used to treat infection. However, there is a general consensus that the treatment of choice for acute infection is PEG-IFN for six months, irrespective of viral genotype, and that there is no evidence currently that the addition of ribavirin confers added benefit. A number of studies have shown that the SVR rate for these patients is considerably higher than that typically observed in the treatment of chronically infected patients, with SVR rates of 71%-94%. [42] [43] [44] The reasons for the high SVR rates are not known, but most likely relate to the fact that lower numbers of circulating quasispecies are circulating in early infection 45 or to the fact that the virus has not persisted in the host for long enough to evolve strategies to evade the antiviral effects of IFN.
Viral genetic factors determining effectiveness of IFN HCv viral genotype
HCV viral genotype is the most important factor in predicting the response to IFN-based therapies. HCV can be classified into six genotypes (1-6) based on sequence homology. 46 The SVR rates using PEG-IFN and ribavirin therapy for genotypes 1 or 4, 3, and 2 are approximately 50%, 70%, and 80%, respectively. Sequence homology between different genotypes is approximately 80% at the amino acid level. HCV genotypes can be further divided into subtypes or variants denoted by lower case letters (1a, 1b, 1c, etc), with more than 50 HCV subtypes reported to date. Usually an individual is infected with a single subtype, although infection with multiple genotypes and subtypes is well recognized. Within each host, HCV circulates as a number of closely related but distinct viral strains called quasispecies. In fact, HCV diversity is 10 times greater than that of human immunodeficiency virus (HIV) infection due to the lack of proof reading capacity of the RNA-dependent RNA polymerase. An increase in the number of quasispecies detectable before therapy has been associated with a poorer response to IFN therapy. 45 Different genotypes prevail in distinct geographic locations; genotype 1 is common in the US and Western Europe, accounting for 60%-65% of infected HCV individuals, genotype 3 is endemic in Pakistan, genotype 4 is largely confined to the Middle East, Egypt, and Central Africa, whilst genotypes 5 and 6 are predominantly found in South America and South East Asia, respectively. Over the last century, intravenous drug use and medical practices have led to an epidemic of a small number of subtypes in the US and Western Europe, including subtypes 1a, 1b, and 3a. The reason why some genotypes are more responsive to therapy than others is currently unknown. It has been suggested that the envelope proteins of genotypes 2 and 3 have less sequence homology with PKR than that of genotype 1, and so are less able to subvert the antiviral effects of IFN. 32 
Interferon sensitivity-determining region
The ISDR is a small region of the viral genome (amino acids 2209-2248) located within the NS5A region of the HCV 1b subtype that has been reported to determine the effects of exogenous IFN therapy on viral replication via the inhibition of PKR. 47, 48 Studies in Japanese cohorts suggested that patients infected with a wild-type ISDR strain had a poor response to IFN, whereas patients with more than one amino acid mutation within the ISDR had an increased rate of SVR. 
PKR homology domain
Another way in which HCV reportedly subverts the effectiveness of IFN is through sequence homology between a small region of E2 and the phosphorylation sites of PKR and eIF2α. 32 In this way HCV may act as a "decoy" for key molecules involved in IFN signaling. Sequence homology is greater for genotype 1 than genotypes 2 and 3, potentially explaining why genotype 1 is more resistant to IFN therapy.
viral load
HCV viral load is the number of detectable viral particles in blood. This, in addition to viral genotype, is key in predicting IFN responsiveness. Many studies have shown that the lower the viral load, the more likely a patient is to eradicate virus with IFN-based therapies. A viral load less than 800,000-2,000,000 copies/mL is associated with a significantly higher probability of achieving SVR following IFN-based therapies. 34, 53, 54 In general, lower viral loads are associated with less circulating viral quasispecies and also with a faster time to HCV RNA negativity during treatment, and it may be these factors that are more important in predicting responsiveness to IFN, rather than the viral load per se.
Viral kinetics and duration of therapy
Following treatment with IFN there is biphasic decline in viral load. Over the first 24 hours, there is a very rapid decline of 0.5-2.5 logs, ie, the first phase, followed by a slower rate of viral decline over subsequent weeks, ie, the second phase. Mathematical modeling has suggested that the first phase of viral decline is due to the direct antiviral effects of IFN and the second phase to the clearance of infected hepatocytes. 55 There is currently limited experimental data to support this model, and it is also theoretically possible that the first phase of decline is due to inhibition of IFN-sensitive strains, whilst the second phase is due to the slower clearance of relatively IFN-resistant strains.
Assessment of changes in viral load over time in the early weeks of treatment is now used clinically to predict the likelihood of a subsequent SVR. As a general principle, the more quickly a patient becomes HCV RNA-negative after starting treatment, the more likely that the patient is to have an SVR, and an increase in viral decline can be seen as quickly as 24-48 hours after the start of therapy in those who have a subsequent SVR compared with those who do not. 56 Patients with genotype 2 and 3 infection are likely to have a significantly greater decline in viral load early after starting IFN compared with patients with genotype 1 infection. 57 The assessment of viral kinetics has led to the definitions of rapid viral response (RVR) and early viral response (EVR), where HCV RNA is undetectable by polymerase chain reaction at four weeks and 12 weeks of therapy, respectively. Patients with an RVR are particularly likely to achieve an SVR, and this has led to a number of clinical studies addressing the concept of tailored treatment, whereby these patients are offered a shorter or longer course of therapy depending on assessment of early viral kinetics.
Assessment of viral load at 12 weeks compared with baseline is also a key parameter in determining therapy duration, and most clinicians would stop therapy at week 12 in patients who do not achieve a 2 log decline in viral load from baseline, because the chances of these patients achieving an SVR with 48 weeks of treatment is as low as 3%. Current international consensus guidelines state that patients with genotype 1 infection should be treated for 48 weeks with combination therapy and patients with genotypes 2 and 3 for 24 weeks. 58 Despite the more protracted course of treatment, patients with genotype 1 are less likely (41%-56% depending on baseline viral load) to achieve an SVR compared with patients with genotypes 2 and 3 (74%-81% depending on baseline viral load). 8 As baseline viral load, genotype, and rate of viral decline are all known to be independent factors that determine SVR, a number of studies have stratified these factors in both study design and analysis. For example, it has been shown that 
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patients who have an RVR may be treated for 24 weeks rather than 48 weeks with comparable rates of SVR, but only if the baseline viral load is low (,400,000 IU/mL). 59 Other studies assessing tailored treatment regimens for genotype 1 patients have shown that patients treated for less than 48 weeks, following assessment of early viral kinetics have a lower SVR. In one such study of tailored treatment, patients were treated with PEG-IFN-α-2b (1.5 µg/kg/week) and ribavirin (800-1400 µg/day) for 48 weeks or for a duration that was determined by time to HCV RNA ,615 IU/mL. Viral load was assessed at weeks 3, 4, 5, 6, 7, and 8, and patients with an HCV RNA ,615 IU/mL were treated for 18, 24, 32, 36, 42, or 46 weeks, respectively. This individualized treatment regime had a lower SVR (34% versus 48%, P = 0.004) compared with standard 48-week therapy (32% versus 14%). 60 To date, no recommendations or guidelines exist regarding such an individualized approach to treatment for genotype 1 infection.
Large clinical studies have shown that 24 weeks of combination therapy achieves an SVR that is equivalent to that achieved by longer regimens in patients with genotype 2 and 3 infection. 8 However, regimens shorter than 24 weeks have also been assessed in three European studies in genotype 2/3 patients with an RVR. One of the first pilot studies suggested that very high SVR rates (90%) could be achieved with only 14 weeks of therapy in patients with an RVR. 61 A larger, randomized, controlled study in genotype 2 and 3 patients with an RVR showed that patients treated for 12 weeks had a similar SVR to patients treated for 24 weeks. 62 However, a large study of more than 1500 patients has shown that both genotype 2 and genotype 3 patients treated for 16 weeks compared with 24 weeks of treatment with PEG-IFN-α-2a (180 µg/ kg/week) plus ribavirin have significantly lower SVR rates (65% versus 76% for genotype 2 and 3 patients, and 65% versus 82% for genotype 2 only patients). In this study, a baseline viral load of ,800,000 IU/mL was an important determinant of SVR. 63 Therefore, the current recommendation is 24 weeks' treatment in genotype 2/3 patients whilst further larger trials are awaited to clarify the role of shortening the duration of therapy.
Host genetic factors determining effectiveness of IFN Age, gender, and ethnicity
Age younger than 40 years and female gender have been consistently associated with a more favorable response to IFN therapy. The reason for this difference is not clear, but may relate directly to the effects of increasing age or sex hormones on immune responses that are influenced by IFN therapy. 64 Responsiveness to IFN is also known to decrease with increasing liver fibrosis. 8 Although gender and fibrosis have been found to be independent factors in determining IFN responsiveness, male gender is also associated with an increase in liver fibrosis in a number of liver diseases, including HCV, HBV, and fatty liver disease. Similarly, younger age may be associated with a shorter duration of infection and less fibrosis.
A number of studies have shown that black African Americans have a poor response to IFN-based therapies. 65 The reasons for this may include a difference in host immune HLA Class I and I allele expression and difference in HCVspecific immunity between different ethnic groups, 66 or racial differences in the expression of the IL28B risk allele.
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Antiviral immunity
Whilst it is clear that the immune response plays a key role in the spontaneous resolution of HCV, studies that have assessed the role of the immune response in determining the outcome of IFN therapy have shown inconsistent findings. Some have suggested that a pre-existing CD8 + T cell response is associated with viral clearance during therapy, 68 whilst others have shown that the quality of the T cell response induced during therapy may also be relevant, with an early study suggesting that the addition of ribavirin to IFN therapy was associated with less IL-10 (a Th1 cytokine involved in anti-inflammatory reactions) production by HCV-specific T cells. 37 Recent reports have shown that, rather than enhancing anti-HCV-specific T cell responses, IFN therapy may actually be associated with a decrease in antiviral T cell immunity, either in response to a declining HCV viral load or as a consequence of the lymphopenia that is induced by this treatment. 69 Whilst HLA Class I and II associations with spontaneous viral clearance have been made, signifying the importance of CD8 + and CD4 + T cells in this setting, 70 studies assessing these alleles in response to IFN have not shown a consistent effect.
Genome-wide association studies have been used to identify host polymorphisms that may be associated with viral clearance in response to IFN therapy. A recent high profile study identified that an SNP (rs12979860) on chromosome 19q13, three kilobases upstream from the start codon of the IL28B (IFN-λ) gene was associated with a near twofold change in response to treatment in both Caucasian and African American patients. 5 This finding was echoed in a further study of 1008 patients from six independent HCV cohorts in which it was observed that the same polymorphism was linked to the spontaneous resolution of HCV. 4 Another genome-wide association study of 1362 patients and controls, some of whom were also coinfected with HIV, showed an association with an SNP (rs8099917) in the IL28B locus that is known to be in linkage disequilibrium with the rs12979860 SNP (this study was unable to detect the rs12979860 SNP because this was not contained on the platform used for SNP detection) and response to IFN therapy (odds ratio 5.19, 95% confidence interval 2.9-9.3). 71 This association was not seen with genotype 2 and 3 infection. The mechanistic role of IL-28 in the clearance of HCV is currently not known.
New interferons
A number of new IFNs have been or are under development with the aim of increasing SVR rates, or requiring dosing less frequently.
Albinterferon
Albinterferon is a long-acting IFN-α that is a recombinant polypeptide of combined human albumin genetically fused with IFN-α. This drug may be administered every two weeks because the median half-life is 148 hours, whereas the halflife of PEG-IFN is 80 hours. A multicenter study evaluated 458 treatment-naïve patients who were randomized to receive either PEG-IFN-α-2a, or albinterferon every two weeks at a dose of 900 or 1200 µg, or albinterferon 1200 µg every four weeks, in addition to weight-based ribavirin. The SVR rates of the albinterferon 900 µg, 1200 µg two weekly, and 1200 µg four weekly regimes were 58.5%, 55.5% and 50.9%, respectively, compared with 57.9% for PEG-IFN. 72 Therefore, the efficacy of albinterferon combined with ribavirin treatment appears to be comparable with current gold standard treatment with ribavirin and PEG-IFN, but with the added benefit that less frequent injections are required.
Interferon-Ω
IFN-Ω is derived from Chinese hamster ovary cells and shares 62% homology with the amino acid sequence for IFN-α and 33% with that of IFN-β. A Phase II study of 102 treatmentnaïve genotype 1 patients, published in abstract form in 2007, compared IFN-Ω administered by daily injection (25 µg/day) with combination IFN-Ω and ribavirin (1000-1200 µg/day). Twelve weeks after completing 48 weeks of therapy, 36% of patients receiving the combination therapy were virus-free. 73 SVR rates were not given, but these data do suggest that IFN-Ω is less effective than PEG-IFN-α in the treatment of HCV.
Locteron
Locteron (BLX-883) is a recombinant IFN-α-2b released via a biodegradable polymeric delivery system. The delivery system consists of polyester or polyether microspheres that are degraded by hydrolysis and oxidation to enable a linear release of compounds. Published Phase I data shows a good safety profile for the compound, with a half-life that is twice as long as that for conventional PEG-IFN. 74 The stated aim of developing this drug is administration every two weeks. Locteron data was presented in abstract form at the 58th American Association for the Study of Liver disease meeting in 2007. Thirty-two patients were randomized to receive differing doses of subcutaneous Locteron fortnightly with ribavirin. Results showed a -1 to -5 log 10 reduction in HCV viral titers dependent on dose (http://www.octoplus.nl/ index.cfm/octoplus/products/locteron/index.cfm). Further published studies on this compound are awaited.
MAXY-α
MAXY-α (R7025/ RO5014583) is an IFN-α variant that has been created using "complex molecular technologies" by Maxygen. Preclinical data comparing MAXY-α with PEG-IFN is reported to show that MAXY-α has increased antiviral and immune stimulatory activity (http://www. medicalnewstoday.com/articles/56124.php). However, a double-blind, dose-escalation, controlled Phase I study showed unexpected reductions in pharmacokinetic and pharmacodynamic effects in the majority of patients receiving two doses of MAXY-α and the development of anti-IFN antibodies, leading the manufacturer to place a hold on further development of this compound (http://www.maxygen. com/newsview.php?listid = 282).
Oral interferon
Belerofon
® is a variant of human IFN-α with a single amino acid mutation designed to lower the susceptibility of IFN-α to proteolytic degradation. In animal studies, subcutaneous injections showed a prolonged half-life when compared with native IFN-α and its pegylated forms (http://www.natap.org/2007/ HCV/040907_03.htm). An oral preparation of the compound has been developed, and the manufacturer claims that serum concentrations equivalent to subcutaneous injections of IFN may be obtained after oral ingestion. Published studies in humans are awaited, and a Phase 1 clinical trial is planned (http://www. prnewswire.co.uk/cgi/news/release?id = 135767). 
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Other noninterferon therapies
Many small molecules, collectively known as specifically targeted antiviral therapy for HCV (STAT-C) that target the protease and polymerase of HCV genotype 1 infection are currently in development. Two of these, bocepravir and telapravir, have been assessed in Phase III clinical trials. These drugs given in combination with PEG-IFN and ribavirin increase the SVR rates for treatment-naïve, genotype 1-infected patients to approximately 70%. 75 As some patient groups are particularly intolerant of IFN (eg, decompensated cirrhotic patients, renal failure patients, and post-transplantation patients) the need for IFN-free treatment regimes remains. An obvious approach then is to follow the approach already successfully used for the treatment of HIV, ie, combining STAT-C drugs. However, the FDA recently recommended that the combination of two STAT-C drugs should not occur until after completion of Phase IIB trials of the single agent. 76 It is no coincidence then that the first study of combining two STAT-C agents is being conducted in Australia and New Zealand outside the jurisdiction of the FDA. 
Conclusions
Since the discovery of HCV in 1989, IFN has remained the key therapeutic agent. Major advances over the last two decades have included the addition of ribavirin and the pegylation of IFN. It is likely that by 2012 protease inhibitors specific for genotype 1 HCV will be available to patients. These will be given in combination with PEG-IFN and ribavirin, and will increase SVR rates to approximately 70%. A number of novel IFNs are currently in development that may increase drug effectiveness and compliance. Ultimately, the aim will be for IFN-free treatment regimes using combinations of HCV protease and polymerase inhibitors and, possibly, therapeutic vaccines. The exciting and very recent observation that IFN-λ plays a crucial role in the outcome of HCV infection and IFN therapy will stimulate new avenues of research into HCV pathogenesis. Meanwhile, ongoing studies into the ways in which HCV subverts the effects of IFN may lead to novel therapeutic avenues.
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